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A self-recombining bacterial artificial chromosome (BAC) containing
the 142-kb pseudorabies virus genome was constructed such that the
viral genome is rapidly excised from the BAC vector backbone on
delivery into mammalian cells. The recombination is mediated by loxP
sites in the plasmid and Cre recombinase encoded within the BAC
vector. A synthetic intron inserted in the middle of the cre ORF
completely inhibits recombination in Escherichia coli, but is spliced out
after delivery of the plasmid into mammalian cells. Recombination is
efficient, and pure virus lacking the BAC vector backbone is immedi-
ately isolated from transfected mammalian cells without the need of
serial passage or plaque purification.

Construction of full-length infectious clones of herpesviruses
requires the insertion of Escherichia coli vector sequences into

the viral genome. The vector sequences used to date are mini
F-plasmids (also referred to as bacterial artificial chromosomes;
BACs) generally 7 kb or greater in length (1, 2). Transfection of
herpesvirus BAC plasmids isolated from E. coli into mammalian
cells is sufficient to initiate viral infection, from which a clonal
population of recombinant virus can be isolated. However, the
resulting recombinant virus is not wild type because of the insertion
of the BAC vector sequence in the viral genome. Typically, one or
more viral genes are interrupted by the BAC insertion and, as we
demonstrate here, the BAC can also disrupt the expression of
neighboring genes. This has limited the majority of full-length
herpesvirus clones made to date to applications not requiring the
production of wild-type virus (3–7).

Applying infectious BAC herpesvirus clones to the study of
pathogenesis requires that the virus isolated after delivery of the
plasmid DNA into cultured cells is phenotypically indistinguishable
from the wild-type parent. Two general approaches to infectious
clone design have been applied to address this issue. One was to
insert the BAC vector sequences into a viral gene dispensable for
viral growth and pathogenesis, for example in the gG gene of
pseudorabies virus (PRV) (8). The resulting virus was found to be
virulent and spread normally in the vertebrate nervous system, but
a subtle growth defect was detected in cultured cells. Although the
gG gene of PRV was largely dispensable, the analysis of additional
mutations placed in this viral genome are complicated by potential
synergistic defects associated with the loss of gG or genes adjacent
to gG that may also be affected by the BAC insertion. Furthermore,
in this study, the BAC vector sequences were unstable in the viral
genome during infection of mammalian cells, resulting in sponta-
neous deletion of the BAC and surrounding viral sequences. These
findings emphasized the need to remove the BAC vector sequence
from the viral genome on delivery of the clone into mammalian
cells.

Excision of the BAC vector has recently been accomplished by
a second approach to herpesvirus BAC clone design that incor-
porated a duplicated 527-bp viral sequence flanking both sides
of the BAC vector insertion (9). On delivery to mammalian cells,
homologous recombination between the 527-bp sequences re-
sulted in the loss of the BAC vector insertion and reconstituted
a genotypically wild-type virus, which in this case was a mouse
cytomegalovirus (MCMV). By regenerating a wild-type genome,

this approach avoided stability problems and ensured production
of virus identical to the wild-type parental isolate. The conver-
sion of the viral genome to wild type occurred during five serial
passages of the virus in culture, which for MCMV takes approx-
imately 5 days.

We present here an alternative general method to produce
phenotypically wild-type virus from an E. coli infectious plasmid
clone. Like the approach previously described for MCMV, the BAC
vector is removed from the viral genome autonomously on delivery
of the plasmid DNA into mammalian cells. However, this method
offers several additional advantages: (i) The BAC vector is effi-
ciently removed from the virus without the need of serial passages
in tissue culture; (ii) The BAC vector is removed by targeted,
site-specific, nonhomologous recombination, simplifying mutagen-
esis of the clone in E. coli; and (iii) The method is amenable to the
construction of wild-type infectious clones of other herpesviruses
with little or no modification using the constructs described.

Materials and Methods
Virus and Cells. PRV-Becker, a virulent isolate of PRV, is the parent
of all recombinant viruses used in this study (10). All PRV strains
were propagated in the PK15 (porcine kidney 15) epithelial cell line.
Virus titers were determined in duplicate by plaque assay on PK15
cells. Determination of viral growth rates by single-step growth
analysis on PK15 cells was as previously described (8). L2 cells were
used for plaque assays in which plaque diameters were measured,
based on a previously described method (11). Vero cells were used
for the isolation of replicative intermediate viral DNA (see below).
PK15, L2 and Vero cells were grown in DMEM supplemented with
10% FBS, whereas viral infections were performed in DMEM
supplemented with 2% FBS.

Plasmids. pGS166 contains the PRV-Becker Us9 gene on a 1.6-kb
SphI fragment, and was previously described (12). A green
fluorescent protein (GFP) expression cassette flanked by two
loxP sites was inserted immediately adjacent to the stop codon of
the Us9 gene as follows. Two PCR primers, each containing a
loxP site, a NheI site, and either a NsiI or AflII site, were designed
with sequence complementary (antisense) to the 39 Us9 ORF
including the stop codon (59-GGGCTAGCATGCATATAAC-
TTCGTATAGCATACATTATACGAAGTTATCTACA-
CGTGCCGGGCGATG) or homologous (sense) to the Us9 stop
codon and the intergenic sequence immediately downstream the
Us9 ORF (59-GGGCTAGCTTAAGATAACTTCGTATAAT-
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GTATGCTATACGAAGTTATGTAGCGAGCGGGTG-
GTGG). Each primer was used in a separate PCR with a second
primer that resulted in the amplification of a 400- to 800-bp
fragment. Both fragments were cut internally with either EagI
(Us9 containing fragment) or NcoI (downstream Us9 fragment)
and NheI, and ligated to each other at the NheI sites and pGS166
digested with EagI and NcoI in a triple ligation. The resulting
clone, pGS181, contained a unique NsiI and AflII site together
flanked by two loxP sites in direct orientation with each other,
all collectively positioned immediately downstream the Us9
ORF. A GFP expression cassette was inserted into the NsiI and
AflII sites from pEGFP-N1 (CLONTECH), resulting in pGS187.

The pBluelox BAC vector was derived from pMBO131 (1). A
synthetic adapter was cloned into the SalI site of pMBO131,
resulting in pGS213. The adapter was composed of two oligonu-
cleotides (59-TCGAGCTAGCATGCATAACTTCGTATAATG-
TATGCTATACGAAGTTATGCGGCCGCGGGAAGCTT-
GGATCCGGGGG and 59-TCGACCCCCGGATCCAAGCTT-
CCCGCGGCCGCATAACTTCGTATAGCATACATTATA-
CGAAGTTATGCATGCTAGC) that together encoded a loxP
site and several restriction sites: BamHI, HindIII, NheI, NotI, NsiI,
and SphI. The pSVb lacZ expression cassette (CLONTECH), from
which the intron had been first deleted, was subcloned into the
BamHI and remaining SalI sites resulting in pGS271. PCR was used
to amplify oriT adjacent to a PacI site from pCTC1 with primers
59-CCCCGTCGACCGGCCAGCCTCGCAGAGCAGGAT and
59 - GGGGGTCGACGAATTCTTAATTAAGAATTCCG -
GGCAGGATAGGTGAAGTAGGCC (13). The product was li-
gated into pGS271 cut with SalI using SalI-generated DNA ends,
resulting in pBluelox. A SphIyPstI fragment from pBluelox, con-
taining the PacI site, was subcloned into the allelic exchange vector,
pGS284, to provide flanking sequence for recombination into
infectious clones derived from pBluelox (see below), resulting in
pGS382 (8).

Plasmid pOG231 encodes a Cre-expression cassette fused to
a nuclear localization signal, and has previously been described
(14). A 59 intron was removed from pOG231 by digestion with
SmaI and BglII, filling in of the BglII end by Klenow, and
religation resulting in pGS396. An intron from vector pCI
(Promega) was PCR amplified with primers: 59-GGGTACG-
TAAGTATCAAGGTTACAAG and 59-GGGCAGCTGTG-
GAGAGAAAGGC. The product was ligated into pGS396 cut
with EcoRV using SnaBI and PvuII-generated DNA ends,
resulting in pGS403. The Cre cassette from pGS403 was PCR
amplified with primers: 59-GGGTTAATTAACCCTCACTA-
AAGGG and 59-GGGTTAATTAATACGACTCACTAT-
AGGG. The product was ligated into pGS382 cut with PacI using
PacI-generated DNA ends, resulting in the allelic exchange
plasmid, pCREin. Recombination of pCREin with pBecker2
(see below) resulted in pBecker3, and was achieved by the
method of allelic exchange as previously described (8). The
pBecker3 construct contains the Cre expression cassette with
intron in the BAC vector backbone, but does not contain any
additional pCREin vector sequence.

Virus Construction. PRV252 was isolated from PK15 cells cotrans-
fected with pGS187 linearized with SphI and PRV-Becker nucleo-
capsid DNA. The desired recombinant virus was identified and
plaque-purified based on GFP expression. PRV253 was isolated
from PK15 cells cotransfected with uncut pOG231 and PRV252
nucleocapsid DNA, and virus lacking GFP expression was plaque-
purified. PRV257 was isolated from PK15 cells cotransfected with
uncut pOG231, uncut pBluelox, and PRV253 nucleocapsid DNA,
and the desired recombinant virus was identified and plaque-
purified by a b-galactosidase (b-gal) expression assay as previously
described (Fig. 1) (15). PRV161 harbors a deletion in the Us9 gene,
and was previously described (16).

Viral DNA Isolation, Transfection, Transformation, and Electrophore-
sis. The source of linear viral DNA used for cotransfections was
nucleocapsids harvested from infected PK15 cells as previously
described (8). Transfection of nucleocapsid DNA was by the
calcium phosphate precipitation method as previously described
(17). For cotransfections with the Cre-expression plasmid, '5 mg
of pOG231 was included in the precipitation. For the cloning of
pBecker2, replicative intermediate (covalently closed circular)
PRV257 DNA was isolated and transformed into E. coli as
previously described, except that Vero cells were infected and
harvested 2 h postinfection (8). Examination of DNA by pulse-
field electrophoresis was as previously described (8).

Western Blot Analysis. Cell lysates from PK15 cells infected for 12 h
were collected in TNX buffer [10 mM Tris (pH 7.4)y150 mM
NaCly1% Triton X-100]. Insoluble cell debris was removed by a
10-min microcentrifugation at 4°C. A mixture of 1.5 ml of super-
natant (approximately equivalent to the lysate from 3,000 infected
cells) and 1.5 ml of 23 final sample buffer [2% SDSy0.06 M Tris
(pH 6.8)y10% glyceroly0.05% bromophenol bluey10% 2-mercap-
toethanol) was boiled for 5 min, electrophoresed through a 12.5%
polyacrylamide gel, and transferred to Hybond ECL membrane
(Amersham Pharmacia). Western blot analysis was as previously
described, except that a ECL 1 Plus detection kit was used
(Amersham Pharmacia) (12). Signal intensities were quantitated
with a Storm 860 FluorImager (Molecular Dynamics). The Us9
signal from PRV161 was subtracted from the Us9 signals of the
other samples, correcting for background. The ratio of the cor-
rected Us9 signal relative to the gI signal was expressed as percent-
ages relative to PRV-Becker. Mouse monoclonal antibody 1A8 was
isolated as a sibling clone to the previously described mouse
monoclonal 2A2, both of which were raised to the PRV Us9 protein
in a single BALByc mouse (18). Rabbit antiserum RB1544, raised
to the PRV gI protein, was described previously (19).

Results
Construction of a Full-Length PRV Clone by Creylox Recombination.
Establishing a full-length herpesvirus clone in E. coli first
requires the insertion of a BACyminiF vector into the viral
genome. This is typically accomplished by targeted homologous
recombination during infection in cell culture (3–5, 8, 20). We
instead used Creylox site-specific recombination, which would
allow for the BAC vector sequence to be removed by an
additional Creylox reaction at a later time. To accomplish this,
we first made a derivative of the wild-type PRV-Becker isolate
with a single 34-bp loxP insertion in its genome. We chose to
place the loxP site in a large intergenic region in the viral
genome, with the intention that the insertion would not interfere
with viral gene expression. However, as there was no direct
method to identify the desired loxP recombinant virus during
plaque purification, we began by inserting a GFP expression
cassette flanked by two loxP sites (Fig. 1). The resulting virus,
PRV252, was plaque-purified based on expression of GFP. The
loxP sites in the PRV252 DNA were then recombined by
cotransfection of the viral DNA with a Cre recombinase expres-
sion plasmid (see Materials and Methods), resulting in excision of
the GFP cassette. One GFP-minus virus (PRV253) was plaque-
purified, and the region around the insertion was sequenced. As
expected, the gfp cassette was excised by Cre recombination,
leaving behind a single loxP site immediately downstream the
Us9 ORF (Fig. 2).

A BAC vector, pBluelox, containing a single loxP site and a
b-gal expression cassette was recombined into the loxP site of
PRV253 by cotransfection into PK15 cells with a Cre-expression
plasmid (Fig. 1). Approximately 10% of the resulting virus yield
expressed b-gal, and one such virus was plaque-purified
(PRV257). Circular viral DNA from PRV257-infected cells was
isolated and used to transform E. coli strain DH10B (Research
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Genetics, Huntsville, AL). Of 18 chloramphenicol-resistant
isolates screened by restriction digests and pulse-field electro-
phoresis, 17 carried the entire 142-kb PRV genome (data not
shown). One clone, pBecker2, was examined further.

Transfection of pBecker2 and Cre Recombination. Transfection of
pBecker2 plasmid into PK15 cells resulted in productive viral
infection, and 100% of the virus expressed b-gal (data not
shown). Together, this indicated that pBecker2 was an infectious
clone, and the pBluelox sequence was intact in the recombinant
viral genome. Virus isolated from pBecker2 transfection was
named vBecker2. Nucleocapsid DNA isolated from vBecker2

was digested with either HindIII or EcoRI and compared with
digestions of PRV-Becker nucleocapsid DNA and pBecker2 by
pulse-field gel electrophoresis (Fig. 3). The presence of 4.2-kb
and 5.8-kb BAC-derived EcoRI fragments, and the replacement
of the PRV-Becker 24-kb HindIII fragment with two smaller
fragments confirmed vBecker2 to be derived from the pBecker2
clone. Furthermore, there was no evidence of vBecker2 isoforms
that lacked any of the BAC restriction sites, unlike our previous
observation for vBecker1, indicating the BAC vector was stable
in the virus (8). The stability of the vBecker2 genome was
confirmed by assaying vBecker2 serial passaged four rounds in
PK15 cells for b-gal expression. Of '200 viral plaques examined,
100% expressed b-gal.

Fig. 1. Construction of the loxP recombinant virus and insertion of the pBluelox vector into the viral genome are illustrated. The PRV-Becker 142-kb genome is
diagrammed at top, with a portion of the right end of the genome expanded to show the gE, Us9, and Us2 genes. For clarity, only this region of all subsequent viral
genomes is illustrated. All recombinations were carried out in transfected PK15 cells. Transformation of PRV257 DNA into E. coli yielded the full-length clone, pBecker2.
Transfection of pBecker2 back into PK15 cells yielded vBecker2, the latter of which is indistinguishable from PRV257. Viral genes are represented as open rectangles
with an arrowhead denoting direction of transcription. Open circles represent loxP sites with the enclosed arrow indicating relative orientation. Polyadenylation
sequences are denoted by solid squares, and viral inverted repeats are shown as open rectangles with enclosed arrows (additional notations: lacZ, b-galactosidase gene;
cat, chloramphenicol-resistance gene; repE, parA, and parB, replication and partitioning genes; oriS, BAC origin of replication; oriT, origin of transfer; S, SphI site).
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Cotransfection of PK15 cells with pBecker2 with a Cre-
expression plasmid resulted in a virus yield with 85–90% of
viruses lacking b-gal activity because of excision of the DNA
between the loxP sites. One such virus was plaque-purified and
named PRV259 (Fig. 1).

Viral Gene Expression from vBecker2. We were concerned that the
loxP insertions may affect expression of the upstream Us9 gene.
Expression of the Us9 gene was examined by Western blot analysis
of infected PK15 cell lysates (Fig. 4). Expression of Us9 from either
PRV253 and PRV259, both of which contain a single loxP site
downstream Us9, was indistinguishable from that found after
infection by the parental PRV-Becker strain. Us9 protein could
generally not be detected from PRV252 or vBecker2 infections,
which likely do not make stable Us9 transcripts because of their
large insertions between the Us9 ORF and its downstream poly-
adenylation signal. Expression of the two genes immediately up-
stream Us9, gE, and gI, as well as the downstream Us2 gene was
unaffected by a single loxP insertion (data not shown).

Plaque Formation by vBecker2. Growth and spread of the recom-
binant viruses was assayed by plaque formation in confluent L2
cells (Table 1). Viruses containing a single loxP site formed
normal-sized plaques. However, insertion of either the GFP
cassette (PRV252) or BAC vector (PRV257) resulted in a
notable decrease in plaque size.

Insertion of a Cre-Expression Cassette into pBecker2. Lack of de-
tectable Us9 expression and decreased plaque size confirmed
that insertion of BAC vector sequences into a herpesvirus
genome is detrimental to viral function (8). With the pBecker2
construct, these defects can be overcome by cotransfecting the
clone with a Cre-expression plasmid, and subsequent excision of
the BAC vector from the viral genome. However, cotransfection
is not an ideal method as the recombinant virus lacking the BAC
sequences must be plaque-purified over the course of several
days. We therefore inserted a Cre-expression cassette into the
BAC vector backbone of pBecker2 by homologous recombina-
tion in E. coli (Fig. 5). The BAC vector backbone provides a
location for the insertion of foreign genes that will be delivered
to mammalian cells with the viral genome, but will not affect
viral function once removed by Cre-mediated recombination.

Additionally, by expressing Cre recombinase from the infectious
clone, excision of the BAC vector from the viral genome is forced
to go to completion as any viral genome carrying the BAC vector
insertion will also express the Cre recombinase. Unfortunately,
loxP recombination occurred in E. coli when the cre ORF was
recombined into pBecker2, indicating Cre protein was produced
in the absence of any known prokaryotic promoter upstream the
cre ORF (data not shown). To completely block Cre expression
in E. coli, a synthetic 133-bp intron encoding four nonsense
codons in-frame with the cre ORF was inserted in the middle of
the cre ORF. The intron splice acceptor and donor sites were

Fig. 2. Sequence of the loxP insertion from PRV253. A portion of the Us9 ORF
is shown with translation immediately upstream the loxP site, and the codon
encoding the start methionine of Us2 is included at the end of the sequence.
The loxP site is underlined, and the polyadenylation consensus for the Us9
gene is double underlined.

Fig. 3. Pulse-field gel electrophoresis of HindIII- and EcoRI-digested viral
nucleocapsid (PRV-Becker and vBecker2) and E. coli plasmid (pBecker2) DNA.
To the right of the gel is a diagram of the viral DNA, indicating positions of
HindIII sites at left and EcoRI sites at right. The BAC vector is shown as a solid
ellipse. Restriction sites within the BAC vector insertion are shown in italics,
which includes one HindIII site and all three EcoRI sites, and are absent from
PRV-Becker nucleocapsid DNA. The viral inverted repeats (shown as open
rectangles with enclosed arrows) isomerize during viral replication in mam-
malian cells, as evident in the EcoRI digestion of vBecker2 (reviewed in ref. 23).
The ends of the viral DNA are ligated together in the pBecker2 plasmid from
E. coli. Size standards are indicated in kb.
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positioned such that splicing of the intron would reconstitute an
in-frame cre ORF in eukaryotic cells. This Cre construct was
crossed into the pBecker2 plasmid without any detectable re-
combination between the loxP sites, and one isolate containing
the Cre-expression cassette was named pBecker3.

Transfection of pBecker3 and vBecker3 Characterization. Plaque-
forming virus harvested from PK15 cells transfected with
pBecker3 did not express the b-gal marker associated with the
BAC vector backbone (,0.1% of the virus resulting from
transfection harbored the BAC vector sequence). Therefore,
transfection of pBecker3 resulted in the production of virus
lacking the BAC vector, vBecker3, without the need for further
plaque purification or serial passage of the virus in culture. This
was confirmed by restriction digest analysis with restriction
enzymes that frequently cut PRV DNA (Fig. 6). Unlike
vBecker2, which contains the pBluelox sequence, the only for-
eign DNA in vBecker3 is a single 34-bp loxP site; vBecker3 is
identical to both PRV253 and PRV259.

Single-step growth curves of vBecker3 were indistinguishable
from the parental PRV-Becker wild-type isolate (Fig. 7). Fur-
thermore, the neuroinvasiveness and neurovirulence of
vBecker3 in a rat eye model of infection was identical to that
previously described for PRV-Becker (data not shown) (21, 22).

Discussion
Full-length infectious clones of herpesviruses promise to be
powerful tools to researchers studying the pathogenesis of this
virus family. However, before this report, only one infectious
clone had been made that results in a wild-type infection upon
delivery of the plasmid DNA into mammalian cells (9). The BAC
vector was excised from the viral genome by homologous
recombination between a duplicated 527-bp viral sequence
flanking the BAC vector in the viral genome. Complete excision
of the BAC vector from the viral population required five serial
passages of the virus in cell culture, and was suggested to be
driven by a genome packaging size restriction intrinsic to the
virus capsid volume. The 527-bp sequences will not mediate
excision in recombination deficient E. coli. However, further
modification or mutagenesis of the clone will be complicated
by loss of the herpes DNA in E. coli that is recombination
proficient.

We have described an alternative method for producing
phenotypically wild-type herpesviruses by a self-excising BAC
plasmid. Because self-excision of the BAC vector from the viral
genome is by site-specific recombination mediated by the creylox
system, there is no concern of undesired self-excision when using
homologous recombination in E. coli. In addition, the stability of
the BAC clone is further ensured by a synthetic intron inserted
in the cre ORF, which specifically blocks Cre expression in
E. coli.

As Cre recombinase is expressed whenever a virus with an
intact BAC vector infects a mammalian cell, excision of the BAC
vector from an entire viral population is expected to be rapid and
complete. Indeed, Cre-promoted excision of the BAC vector
from vBecker3 goes to completion after only one round of viral
growth in cultured cells. Therefore, serial passage or plaque
purification of the recombinant virus is not required. In addition,
nonspecific deletions that could result from viral capsid pack-
aging limitations of oversized genomes should not occur because
the self-excision is rapid and independent of viral function.
Importantly, although vBecker3 contains a single loxP site, we
see no effect of this 34-bp insertion on neighboring viral gene

Fig. 4. Detection of Us9 expression in infected PK15 cells by Western blot
analysis. Lysates were probed with an anti-Us9 monoclonal antibody, and
reprobed with an anti-gI polyclonal antiserum. The latter provided a gel
loading control. Percentages listed at bottom are quantitation of Us9 signal
relative to gI signal, as described in Materials and Methods. The quantitation
was an average of two gels, only one of which is shown. PRV161 harbors a
deletion in the Us9 gene.

Fig. 5. Construction of pBecker3 by insertion of the intron-containing
Cre-expression cassette into pBecker2 is illustrated. A portion of the 156-kb
pBecker2 plasmid is shown above, with the BAC vector region and loxP sites
(circled arrows) oriented down. The pCREin vector is shown below with the Cre
cassette and homologous flanking regions, the latter derived from pBluelox,
oriented up. Homologous recombination in E. coli between the two plasmids
yielded pBecker3. The pGS284 allelic exchange vector, which is the source of
the pCREin backbone, and the E. coli allelic exchange method are described in
ref. 8 (notations are as in Fig. 1, with the addition of: sacB, levansucrase gene;
bla, ampicillin-resistance gene; RP4oriT, origin of transfer; oriR6K, conditional
origin of replication; P, PacI site).

Table 1. Virus plaque size in L2 cells

Virus Average plaque diameter, %*

PRV-Becker 100 (n 5 145)
PRV252 72 (n 5 103)
PRV253 92 (n 5 53)
PRV257 84 (n 5 42)
PRV259 100 (n 5 43)
vBecker2 80 (n 5 135)

*Diameters are expressed as a percentage relative to wild-type PRV-Becker,
which is assigned a value of 100%. Number of plaques measured is listed in
parentheses.
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expression, viral growth, viral spread, or viral pathogenesis in
any of our assays.

The self-excising BAC plasmid can be used to make infectious
clones of any herpesvirus that have first been modified to carry a
loxP site in the viral genome. The only requirement is that the loxP
site be positioned in the viral genome such that it does not interfere
with viral gene expression. This deserves some consideration, as

herpesvirus genomes are very compact with few regions that are not
transcribed (23). We chose to place the loxP site in PRV-Becker in
a relatively large intergenic space between the Us9 and Us2 genes.
By positioning the loxP site immediately adjacent to the Us9 ORF,
and upstream the Us9 polyadenylation sequence, we avoided in-
terference with the downstream Us2 promoter. The loxP site is
therefore likely to be transcribed along with the Us9 ORF. Whereas
a loxP sequence could destabilize the Us9 transcript by introducing
a small stem-loop structure in the 39 end of the mRNA, we observed
no decrease in Us9 expression during infection of PK15 cells. This
strategy of loxP placement should be amenable for any herpesvirus
genome, and the application of this method and the pBluelox and
pCREin plasmids should simplify the construction of wild-type
encoding herpesviruses.
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Fig. 6. Gel electrophoresis of BamHI-, KpnI-, PstI-, and SalI-digested
vBecker2, vBecker3, PRV253, and PRV-Becker viral nucleocapsid DNA. Restric-
tion fragments unique to vBecker2 are all accounted for by the pBluelox
insertion (data not shown). The restriction fragment length polymorphisms
observed at '3.0 kb and '4.0 kb in the BamHI samples (marked by the white
asterisks) map to the viral inverted repeats immediately flanking either side of
the unique-short region, which contain small direct repeats that fluctuate in
copy number during viral replication in mammalian cells (24, 25). Size stan-
dards are indicated in kb.

Fig. 7. Single-step growth curves of wild-type PRV-Becker and vBecker3 in
PK15 cells. Virus was harvested from both the media and cells at 2, 5, 8, 12, and
24 h postwash (squares, cells; circles, supernatants; open symbols, PRV-Becker;
solid symbols, vBecker3).
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